






























































































































































































































































































































































































































Animal	Manure	 21.4	 0.2	 21.3	




Waste	wood	 7.4	 3.8	 3.6	
Food	Industry	Waste	 2.6	 2.3	 0.3	
Biowaste	 5.6	 3.2	 2.4	






































































































































































































































































































































































































































































































































































































































































































































































































































Products	 Base	 Optimized	 Unit	
Methane,	96	vol.-%,	from	synthetic	gas,	wood,	at	plant/CH	U	 1	 1	 MJ	
Materials/fuels	 	 	 	
Wood	chips,	mixed,	u=120%,	at	forest/RER	U	 3,64E-04	 3,64E-04*0.9	 m3	




Synthetic	gas	plant/CH/I	U	 8,42E-11	 8,42E-11*0.9	 p	
Light	fuel	oil,	burned	in	boiler	100kW,	non-modulating/CH	U	 1,78E-05	 1,78E-05*0.9	 MJ	
Electricity,	medium	voltage,	at	grid/CH	U	 2,40E-02	 2,40E-02*0.9	 kWh	
Tap	water,	at	user/CH	U	 3,05E-02	 3,05E-02*0.9	 kg	
Rape	methyl	ester,	at	esterification	plant/CH	U	 4,24E-04	 4,24E-04*0.9	 kg	
Aluminium	oxide,	at	plant/RER	U	 1,25E-11	 1,25E-11*0.9	 kg	
Zinc,	primary,	at	regional	storage/RER	U	 5,42E-05	 5,42E-05*0.9	 kg	
Nickel,	99.5%,	at	plant/GLO	U	 1,25E-11	 1,25E-11*0.9	 kg	
Charcoal,	at	plant/GLO	U	 5,74E-04	 5,74E-04*0.9	 kg	










Transport,	freight,	rail/CH	U	 1,56E-03	 1,56E-03*0.9	 tkm	
Transport,	lorry	20-28t,	fleet	average/CH	U	 1,20E-04	 1,20E-04*0.9	 tkm	
Transport,	lorry	3.5-20t,	fleet	average/CH	U	 1,03E-02	 1,03E-02*0.9	 tkm	
Electricity,	low	voltage,	production	UCTE,	at	grid/UCTE	U	 2,37E-04	 2,37E-04*0.9	 kWh	
Industrial	furnace,	natural	gas/RER/I	U	 5,98E-10	 5,98E-10*0.9	 p	
Emissions	to	air	 	 	 	
Carbon	dioxide,	biogenic	 1,42E-01	 1,42E-01*0.9	 kg	
Heat,	waste	 1,15E+00	 1,15E+00*0.9	 MJ	
Acetaldehyde	 2,14E-10	 2,14E-10*0.9	 kg	
Acetic	acid	 3,20E-08	 3,20E-08*0.9	 kg	
Benzene	 8,54E-08	 8,54E-08*0.9	 kg	
Benzo(a)pyrene	 2,14E-12	 2,14E-12*0.9	 kg	
Butane	 1,50E-07	 1,50E-07*0.9	 kg	
Carbon	monoxide,	biogenic	 9,94E-05	 9,94E-05*0.9	 kg	
Dinitrogen	monoxide	 1,07E-07	 1,07E-07*0.9	 kg	
Dioxin,	2,3,7,8	Tetrachlorodibenzo-p-	 6,38E-18	 6,38E-18*0.9	 kg	
Formaldehyde	 2,14E-08	 2,14E-08*0.9	 kg	
Mercury	 6,41E-12	 6,41E-12*0.9	 kg	
Methane,	biogenic	 4,27E-07	 4,27E-07*0.9	 kg	
Nitrogen	oxides	 6,04E-05	 6,04E-05*0.9	 kg	
PAH,	polycyclic	aromatic	hydrocarbons	 2,79E-08	 2,79E-08*0.9	 kg	
Particulates,	<	2.5	um	 1,58E-06	 1,58E-06*0.9	 kg	
Pentane	 2,56E-07	 2,56E-07*0.9	 kg	
Propane	 4,27E-08	 4,27E-08*0.9	 kg	
Propionic	acid	 4,27E-09	 4,27E-09*0.9	 kg	
Sulfur	dioxide	 1,17E-07	 1,17E-07*0.9	 kg	
Toluene	 4,27E-08	 4,27E-08*0.9	 kg	
Hydrocarbons,	aliphatic,	alkanes,	unspecified	 2,14E-06	 2,14E-06*0.9	 kg	




































































Product	 Mass	Percentage	[%]	 LHV	[MJ/kg]	 Energy	Allocation	
Diesel	 57	 42.8	 0.56	


















Products	 Base	 Optimized	 Unit	
Bio-crude	base	case	 1	 0	 kg	
Bio-crude	Optimized	 0	 1	 kg	
Resources	 	 	





Water,	deionised,	at	plant/CH	U	 0.0388	 0.0388*0.9	 kg	





Electricity,	low	voltage,	at	grid/CH	U	 0.1356	 0	 kWh	
Electricity,	low	voltage,	hydropower,	2030+,	at	grid/CH	U	 0	 0.1356*0.9	 kWh	













Products	 Base	 Optimized	 Unit	 Comments	
Gasoline		 1	 1	 MJ	 	
Materials/fuels	 	 	 	
Water,	deionised,	at	plant/CH	U	 0.043	 0.043*0.9	 kg	 	
Natural	gas,	low	pressure,	at	consumer/CH	U	 0.01315	 0.01315*0.9	 MJ	 	




0	 0.00459	 tkm	 Transport	of	
the	finished	
fuel	
Bio-crude	oil	Base	Case	 0.116	 0	 kg	 	
Bio-crude	oil	Optimized	 0	 0.116	 kg	 	
MoS2/NiS	on	Al2O3		 0.00008	 0.00008*0.9	 kg	 Catalyst	
Electricity/heat	 	 	
Electricity,	low	voltage,	at	grid/CH	U	 0.00172	 0	 kWh	 Hydrotreating	
Electricity,	low	voltage,	hydropower,	2030+,	at	
grid/CH	U	
0	 0.00172*0.9	 kWh	 	
Electricity,	low	voltage,	at	grid/CH	U	 0.00241	 0	 kWh	 Hydrocracking	
Electricity,	low	voltage,	hydropower,	2030+,	at	
grid/CH	U	
0	 0.00241*0.9	 kWh	 	




0	 0.00275*0.9	 kWh	 	
Emissions	to	air	 	 	
Water_kg	 0.02188	 0.02188*0.9	 kg	 From	SR	
Carbon	dioxide	 0.05967	 0.05967*0.9	 kg	 From	SR	
Emissions	to	water	 	 	




0.05519	 0.05519*0.9	 l	 	
Table	8:	Gasoline	from	wood	fast	pyrolysis	LCI	
	
Products	 Base	 Optimized	 Unit	 Comments	
Diesel		 1	 1	 MJ	 	
Materials/fuels	 	 	
Water,	deionised,	at	plant/CH	U	 0.035	 0.035*0.9	 kg	 	
Natural	gas,	low	pressure,	at	consumer/CH	U	 0.0107	 0.0107*0.9	 MJ	 	
Transport,	lorry	20-28t,	fleet	average/CH	S	 0.0189	 0	 tkm	 	
Transport,	freight,	lorry	16-32	metric	ton,	
EURO6	|	Alloc	Rec,	U	
0	 0.0189	 tkm	 Transport	of	
the	finished	
fuel	
Bio-crude	oil	Base	Case	 0.094	 0	 kg	 	
Bio-crude	oil	Optimized	 0	 0.094	 kg	 	
MoS2/NiS	on	Al2O3		 0.000063	 0.000063*0.9	 kg	 Catalyst	
Electricity/heat	 	 	
Electricity,	low	voltage,	at	grid/CH	U	 0.001404	 0	 kWh	 Hydrotreating	
Electricity,	low	voltage,	hydropower,	2030+,	at	
grid/CH	U	






Electricity,	low	voltage,	at	grid/CH	U	 0.001966	 0	 kWh	 Hydrocracking	
Electricity,	low	voltage,	hydropower,	2030+,	at	
grid/CH	U	
0	 0.001966*0.9	 kWh	 	




0	 0.002246*0.9	 kWh	 	
Emissions	to	air	 	 	
Water_kg	 0.0178	 0.0178*0.9	 kg	 From	SR	
	
Carbon	dioxide	 0.0486	 0.0486*0.9	 kg	 From	SR	
Emissions	to	water	 	 	








































































Products	 Base	 Optimized	 Unit	 Comment	
Methane	from	Wood	HTG	Base	Case	 1	 1	 MJ	 	
Resources	 	 	 	
Water,	process,	unspecified	natural	origin/kg	 0.23*0.955	 0.23*0.955*0.9	 kg	 For	diluting	
the	
woodchips	
Materials/fuels	 	 	 	
Methanol	plant/GLO/I	U	 1.2853E-12*0.955	 1.2853E-12*0.955*0.9	 p	 Proxy	
Ruthenium	 0.00000014*0.955	 0.00000014*0.955*0.9	 kg	 Catalyst	
DMPEG	production	and	delivery	 1.20E-4*0.955	 1.20E-4*0.955*0.9	 kg	 Gas	
purification	
Transport,	lorry	20-28t,	fleet	average/CH	S	 0.0157*0.955	 0	 tkm	 	
Transport,	freight,	lorry	16-32	metric	
ton,	EURO6	Alloc	Rec,	U	
0	 0.0141*0.955	 tkm	 	
Waste	wood	chips,	mixed,	from	industry,	
u=40%,	at	plant/CH	U	
0.00079*0.955	 0.00079*0.955*0.9	 m3	 	
Electricity/heat	 	 	 	
Heat,	natural	gas,	at	boiler	modulating	
>100kW/RER	U	
0.0042*0.955	 0.0042*0.955*0.9	 MJ	 	
Emissions	to	air	 	 	 	






Carbon	monoxide,	biogenic	 8.01E-8*0.955	 8.01E-8*0.955*0.5	 kg	 HTG	
Carbon	dioxide,	biogenic	 3.36E-3*0.955	 3.36E-3*0.955*0.9	 kg	 HTG	
Ethene	 7.03E-13*0.955	 7.03E-13*0.955*0.5	 kg	 	
Ethane	 1.41E-8*0.955	 1.41E-8*0.955*0.5	 kg	 	
Propane	 6.36E-12*0.955	 6.36E-12*0.955*0.5	 kg	 	
Carbon	dioxide,	biogenic	 5.71E-2*0.955	 5.71E-2*0.955*0.9	 kg	 Gas	
Purification	
Water	 2.21E-6*0.955	 2.21E-6*0.955*0.9	 m3	 	
Emissions	to	water	 	 	 	













Products	 Base	 Optimized	 Unit	 Comment	
Electricity,	high	voltage	(CH)|	heat	and	power	co-
generation,	wood	chips,	6667	kW	




0.0125	 0.0125*0.9	 kg	 	
Chemical,	organic	(GLO)|	market	for	|	Alloc	Rec,	U	 9.303E-5	 9.303E-5*0.9	 kg	 	
Chlorine,	gaseous|	market	for	|	Alloc	Rec,	U	 5.216E-6	 5.216E-6*0.9	 kg	 	
Sodium	chloride,	powder	(GLO)|	market	for	|	Alloc	
Rec,	U	
6.52E-5	 6.520E-5*0.9	 kg	 	
Lubricating	oil	(GLO)|	market	for	|	Alloc	Rec,	U	 5.21E-5	 5.21E-5*0.9	 kg	 	
Ammonia,	liquid	|	market	for	|	Alloc	Rec,	U	 1.304E-7	 1.309E-7*0.9	 kg	 	
Furnace,	wood	chips,	with	silo,	5000kW	(GLO)|	
market	for	|	Alloc	Rec,	U	
8.282E-9	 8.28E-9*0.9	 p	 	
NOx	retained,	by	selective	catalytic	reduction	(GLO)|	
market	for	|	Alloc	Rec,	U	
0.00127	 0.00127*0.9	 kg	 	
Dust	collector,	electrostatic	precipitator,	for	industrial	
use	(GLO)|	market	for	|	Alloc	Rec,	U	




8.282E-9	 8.28E-9*0.9	 p	 	
Wood	chips,	wet,	measured	as	dry	mass	|	market	for	
|	Alloc	Rec,	U	








Waste	to	treatment	 	 	 	
Wastewater,	average	(GLO)|	market	for	|	Alloc	Rec,	U	 1.251E-5	 1.251E-5*0.9	 m3	 	
Municipal	solid	waste|	market	for	|	Alloc	Rec,	U	 5.21E-5	 5.21E-5*0.9	 kg	 	
Wood	ash	mixture,	pure	(GLO)|	market	for	|	Alloc	
Rec,	U	
0.0084	 0.0084*0.9	 kg	 	







Products	 Base	 Optimized	 Unit	

















Sulfur	hexafluoride	 5.4E-08	 5.4E-08	 kg	
Table	12:	Conversion	of	cogeneration	electricity	from	High	to	Medium	Voltage	-	LCI	
Products	 Base	 Optimized	 Unit	
Electricity	low	voltage	wood	cogeneration	plant	6667	kwh	 1	 0	 MJ	





Sulfur	hexafluoride,	liquid|	production	|	Alloc	Rec,	U	 2.99E-09	 2.99E-09	 kg	
Electricity/heat	 	 	









































Products	 Base	 Optimized	 Unit	
Syngas,	from	biomass	gasification,	850°C,	1	bar,	2005/RER	 1	 1	 MJ	
Materials/fuels	 	
Wood	chips,	mixed,	from	industry,	u=40%,	at	plant/RER	U	 0.000455	 4.55E-4*0.9	 m3	
Rape	methyl	ester,	at	esterification	plant/RER	U	 0.000121	 1.205E-4*0.9	 kg	




Lime,	packed	(CH)|	lime	production,	milled,	packed	|	Alloc	Rec,	U	 0.000343	 3.425E-4*0.9	 kg	
Charcoal	(GLO)|	production	|	Alloc	Rec,	U	 0.000343	 3.425E-4*0.9	 kg	
Zinc,	primary,	at	regional	storage/RER	U	 7.82E-06	 7.82E-6*0.9	 kg	
Electricity,	low	voltage,	at	grid/CH	U	 0.002219	 0	 kWh	
Electricity,	low	voltage,	hydropower,	2030+,	at	grid/CH	U	 0	 2.219E-3*0.9	 kWh	






Tap	water,	at	user/RER	U	 0.01194	 1.194E-2*0.9	 kg	
Transport,	freight,	rail/RER	U	 0.0003	 0.0003	 tkm	
Transport,	lorry	3.5-20t,	fleet	average/CH	S	 0.00344	 0	 tkm	
Transport,	lorry	16-32	metric	ton,	EURO6	|	Alloc	Rec,	U	 0	 0.00344	 tkm	
Emissions	to	air	 	
Oxygen	 0.00905	 9.05E-3*0.5	 Kg	
Carbon	dioxide,	biogenic	 0.0261	 2.61E-2*0.9	 Kg	
Carbon	monoxide,	biogenic	 3.34E-05	 3.34E-5*0.5	 Kg	
Nitrogen	oxides	 1.92E-05	 1.92E-5*0.5	 Kg	
Hydrocarbons,	partly	oxidized	 3.66E-06	 3.66E-6*0.5	 Kg	

























Chemical	factory,	organics	|	construction	|	Alloc	Rec,	U	 8.01E-12	 8.01E-12*0.9	 p	
Electricity/heat	 	
Electricity,	low	voltage,	at	grid/CH	U	 0.068	 0	 kWh	
Electricity,	low	voltage,	hydropower,	2030+,	at	grid/CH	U	 0	 0.068*0.9	 kWh	
Emissions	to	air	 	
Carbon	dioxide,	biogenic	 0.12	 0.12*0.9	 kg	
Table	15:	Hydrogen	from	Steam	Reforming	-	LCI	





hydrogen	fuelling	station,	no	static	storage	facility	2005/RER/I	U	 1.4E-09	 1.4E-09*0.9	 p	
operation,	hydrogen	fuelling	station	2005/RER	U	 0.185	 0.185	 hr	






















































































































Products	 Base	 Optimized	 Unit	 Comment	
Biogas	(CH)|	treatment	of	manure	and	biowaste	by	
anaerobic	digestion,	from	manure,	liquid	
1	 1	 m3	 	
Materials/fuels	  
	
	 	 	 	
Manure,	solid,	cattle	(GLO)|	market	for	|	Alloc	Rec,	U	 38.93094	 38.93*.5	 kg	 	
Digester	sludge	(GLO)|	digester	sludge,	Recycled	Content	
cut-off	|	Alloc	Rec,	U	




2.86E-07	 2.86E-7*.70	 p	 	
Glycerine	(GLO)|	market	for	|	Alloc	Rec,	U	 0.043213	 0.043213*.5	 kg	 	
Electricity/heat	 	 	 	
Heat,	central	or	small-scale,	other	than	natural	gas	(CH)|	
market	for	|	Alloc	Rec,	U	
3.47	 3.47*0.7	 MJ	 	
Electricity,	low	voltage	(CH)|	market	for	|	Alloc	Rec,	U	 0.158	 0	 kWh	 	
Electricity,	low	voltage,	hydropower,	2030+,	at	grid/CH	U	 0	 0.158*0.7	 kWh	 	
Emissions	to	air	 	 	 	
Hydrogen	sulfide	 4.32E-05	 4.32E-5*0.5	 kg	 	
Ammonia	 0.001693	 0.001693*0.5	 kg	 	
Dinitrogen	monoxide	 0.000108	 0.000108*0.5	 kg	 	
Carbon	dioxide,	biogenic	 0.064411	 0.064411*0.5	 kg	 	
Methane,	biogenic	 0.055	 0.055*0.5	 kg	 	
Table	18:	Biogas	production	from	manure	&	biowaste	–LCI	
	






























Emissions	to	air	 	 	 	
Sulfur	dioxide	 1.6E-05	 1.6E-05*0.5	 kg	 	
Carbon	dioxide,	biogenic	 0.025	 0.025*0.9	 kg	 	
Hydrogen	sulfide	 1.01E-07	 1.01E-07*0.5	 kg	 	






































Lubricating	oil	(GLO)|	market	for	|	Alloc	Rec,	U	 2.02E-4	 2.02E-4*0.9	 kg	
Emission	to	air	 	 	 	
Platinum	 4.7E-11	 4.7E-11*0.5	 kg	
Dinitrogen	monoxide	 1.6E-05	 1.6E-5*0.5	 kg	
Carbon	monoxide,	biogenic	 3.2E-4	 3.2E-4*0.5	 kg	
Carbon	dioxide,	biogenic	 0.56	 0.56*0.9	 kg	









Sulfur	dioxide	 1.4E-4	 1.4E-4*0.5	 kg	
Methane,	biogenic	 1.5E-4	 1.5E-4*0.5	 kg	
Waste	to	treatment	 	 	 	





Products	 Base	 Optimized	 Unit	
Electricity	medium	voltage	biogas	engine	 1	 0	 kWh	














Sulfur	hexafluoride	 5.4E-08	 5.4E-08	 kg	
Table	20:	Conversion	from	high	to	medium	voltage	biogas	electricity	-	LCI	
Products	 Base	 Optimized	 Unit	
Electricity	low	voltage	biogas	engine	 1	 0	 kWh	





Sulfur	hexafluoride,	liquid	|	production	|	Alloc	Rec,	U	 2.99E-09	 2.99E-09	 kg	
Electricity/heat	 	 	
Electricity	medium	voltage	biogas	engine	 1.104	 0	 kWh	
Electricity	medium	voltage	biogas	engine	Optimized	 0	 1.104	 	
Emissions	to	air	 	 	


































































Products	 Base	 Optimized	 Unit	 Comment	
Biomethane,	manure	HTG	 1	 1	 MJ	 	
Resources	 	 	














0	 0.00378*5*0.997	 tkm	 Proxy	for	
the	Tractor	
Transport,	freight,	rail/CH	U	 0.0042*83*0.997	 0.00378*83*0.997	 tkm	 Train	
Methanol	plant/GLO/I	U	 1.25E-11*0.997	 1.25E-11*0.997	 p	 Proxy	
Ruthenium	 1.4E-7*0.997	 1.4E-7*0.997*0.9	 kg	 	






0.0031*0.997	 0.0031*0.997*0.9	 MJ	 	
Manure,	solid,	cattle	(GLO)|	market	for	|	Alloc	
Rec,	U	
4.2*0.997	 4.2*0.9*0.997	 kg	 	
Emissions	to	air	 	 	
Hydrogen	 6.6E-7*0.997	 6.6E-7*0.997*0.5	 kg	 	
Carbon	monoxide,	biogenic	 1.59E-7*0.997	 1.59E-7*0.997*0.5	 kg	 	








Carbon	dioxide,	biogenic	 5.2E-2*0.997	 5.2E-2*0.997*0.9	 kg	 	









































































































































































































































Products	 Base	 Optimized	 Unit	 Comment	
Algae	Oil	OPR	Baseline	Case	(3g/m2/d)	 1	 1	 kg	 	
Resources	 	 	 	
Water,	process,	unspecified	natural	
origin/m3	
0.706	 0.706	 m3	 Added	to	contrast	the	water	
evaporation	and	to	mantain	
salinity	to	specific	level	
Carbon	dioxide,	in	air	 2	 2	 kg	 From	the	co-located	power	plant	
as	a	source	of	C	
Electricity/Heat	 	 	 	 	
Electricity,	low	voltage,	production	IT,	at	
grid/IT	U	
12.676	 0	 kWh	 Paddle	wheels	
Electricity,	low	voltage,	hydropower,	
2030+,	at	grid/CH	U	
0	 0.582	 	 Paddle	wheels	
Electricity,	low	voltage,	production	IT,	at	
grid/IT	U	
5.07	 0	 kWh	 Flue	gas	blower	
Electricity,	low	voltage,	hydropower,	
2030+,	at	grid/CH	U	
0	 30.121	 	 Flue	gas	blower	
Electricity,	low	voltage,	production	IT,	at	
grid/IT	U	
1.408	 0	 kWh	 Water	pump	
Electricity,	low	voltage,	hydropower,	
2030+,	at	grid/CH	U	
0	 0.167	 	 Water	pump	
Electricity,	low	voltage,	production	IT,	at	
grid/IT	U	
















0.845	 0	 kWh	 Harvesting	pump	
Electricity,	low	voltage,	hydropower,	
2030+,	at	grid/CH	U	
0	 0.05	 	 Harvesting	pump	
Electricity,	low	voltage,	production	IT,	at	
grid/IT	U	








0	 0.04	 	 Centrifuge	-	Dewatering	
















0.805	 0.805	 MJ	 Energy	input	for	processing	of	
the	oil	to	separate	the	oil	and	
other	lipids	




2.86	 2.86	 MJ	 Feed	Dryer-	Electricity	for	drying	
the	biomass	
Materials/fuels	 	 	 	 	
Diammonium	phosphate,	as	N,	at	
regional	storehouse/RER	U	








0.003	 3.01E-05	 kg	 Infrastructure	
Steel,	unalloyed	(GLO)|	market	for	|	
Alloc	Rec,	U	






Hexane	(GLO)|	market	for	|	Alloc	Rec,	U	 0.139	 0.139	 kg	 Solvent	used	
Chemical,	organic	(GLO)|	market	for	|	
Alloc	Rec,	U	
0.034	 0.034	 kg	 Proxy	-	Unknown	organic	used	in	
the	process	
Emissions	to	air	 	 	 	
Water	 0.706	 70.578	 m3	 Evaporation	
Hexane	 0.002	 0.002	 kg	 Fugitive	emissions	in	the	
extraction	process	of	the	oil	

















Products	 Base	 Optimized	 Unit	
Biodiesel	from	Esterification	process	 1	 1	 MJ	
Materials/fuels	 	 	 	
Algae	Oil	OPR	Baseline	Case	(3g/m2/d)	 2.63E-02	
	
0	 kg	Algae	Oil	OPR	Optimized	(25g/m2/d)	 0	 2.63E-02		 kg	
Electricity,	low	voltage	(IT)|	market	for	|	Alloc	Rec,	U	 1.76E-04	
	











Transport,	freight	train	(CH)|	electricity	|	Alloc	Rec,	U	 2.63E-03	 2.63E-03	 tkm	
Transport,	lorry	20-28t,	fleet	average/CH	U	 3.95E-03	
	






Tap	water,	at	user/CH	U	 1.8E-05	 1.8E-05	 kg	



















TOC,	Total	Organic	Carbon	 1.13E-05	 1.13E-05*0.5	 kg	














































































































































Products	 Base	 Unit	 Comment	




Occupation,	water	bodies,	artificial	 0.287	 m2a	 	




































Electricity,	low	voltage,	at	grid/IT	U	 0.255	 kWh	 Total	electricity	
required	per	MJ	of	
gasoline	produced	




Hexane	 0.000374	 kg	 Solvent	loss	
Final	waste	flows	 	 	
Polyethylene	waste	 0.01396	 kg	 Disposal	of	
infrastructure	
















































Products	 Optimized	 Unit	 Comment	





Occupation,	water	bodies,	artificial	 0.00583	 m2a	 	
















Transport,	freight	train	(CH)|	electricity	|	Alloc	Rec,	U	 2.25E-5*100	 tkm	 Regional	
distribution	

















Nitrogen	oxides	 1.379E-6*0.5	 kg	 CHP	
emissions	
Carbon	monoxide,	biogenic	 4.41-6*0.5	 kg	 CHP	
emissions	
Methane,	biogenic	 2.117E-6*0.5	 kg	 CHP	
emissions	
NMVOC	 1.748E-7*0.5	 kg	 CHP	
emissions	
Sulfur	dioxide	 1.763E-6*0.5	 kg	 CHP	
emissions	
Dinitrogen	monoxide	 12.33E-7*0.5	 kg	 CHP	
emissions	
Final	waste	flows	 	 	
Polyethylene	waste	 0.001255	 kg	 Infrastructure	
Disposal		

















































Products	 Optimized	 Unit	 Comment	






Occupation,	water	bodies,	artificial	 0.00502	 m2a	 	

















Heptane	(GLO)|	market	for	|	Alloc	Rec,	U	 8.36E-07	 kg	 	
Transport,	freight	train	(CH)|	electricity	|	Alloc	Rec,	U	 2.25E-5*100	 tkm	 	
Transport,	freight	train	(IT)|	processing	|	Alloc	Rec,	U	 2.25E-5*960	 tkm	 	
Electricity/heat	 	 	
Electricity,	low	voltage,	hydro	power,	2030+,	at	grid/CH	U	 0.0298	 kWh	 	
Heat,	natural	gas,	at	industrial	furnace	>100kW/RER	S	 0.0117	 MJ	 	
Emissions	to	air	 	 	 	






Final	waste	flows	 	 	 	
Polyethylene	waste	 0.001081	 kg	 	



















Resources	 	 	 	 	 	
Occupation,	water	bodies,	artificial	 0.287	 0.00583	 0.00502	 m2a	 	
Occupation,	industrial	area	 0.0546	 0.00111	 0.00095	 m2a	 	
Materials/fuels	 	 	 	 	 	
Ammonia,	liquid|	ammonia	production,	steam	
reforming,	liquid	|	Alloc	Rec,	U	
0.00317	 0.00546	 0.00268	 kg	 Fertilizer	
Phosphate	fertiliser,	as	P2O5	|	diammonium	
phosphate	production	|	Alloc	Rec,	U	
0.000237	 1.82E-05	 0.0002	 kg	 Fertilizer	
Packaging	film,	low	density	polyethylene	
(GLO)|	market	for	|	Alloc	Rec,	U	
0.01396	 0.001255	 0.001081	 kg	 Infrastructure	
Polyvinylchloride,	bulk	polymerised	(GLO)|	
market	for	|	Alloc	Rec,	U	
4.98E-06	 4.49E-06	 3.86E-06	 kg	 Infrastructure	
Transport,	freight,	lorry	16-32	metric	ton,	
EURO6	(GLO)|	market	for	|	Alloc	Rec,	U	
2.25E-5*150	 2.25E-5*150	 2.25E-5*150	 tkm	 Regional	
distribution	
Hexane	 0.000374	 0	 0	 Kg	 Solvent	
Heptane	 0	 0	 8.36E-07	 kg	 Solvent	










2.25E-5*960	 2.25E-5*960	 2.25E-5*100	 tkm	 Transport	by	
train	from	IT	
to	CH		
Electricity/heat	 	 	 	 	 	
Electricity,	low	voltage,	hydro	power,	2030+,	
at	grid/CH	U	











0.5437	 0.0168	 0.0117	 MJ	 Overall	heat	
required	per	
MJ	produced	
Emissions	to	air	 	 	 	 	 	
Hexane	 0.000374	 0	 0	 Kg	 Solvent	Loss	























Final	waste	flows	 	 	 	 	 	
Polyethylene	waste	 0.01396	 0.001255	 0.001081	 kg	 Infrastructure	
Disposal		






















































































































































Base Optim. Base Optim. Base Optim. Base Optim. Base Optim. Base Optim.
WFP WFP Gasif. HTG Cogen Gasif.











Direct	Emiss. Material	Inputs Infrastructure Transport


















































































WFP Fossil WFP Fossil Gasif. HTG Fossil ORC Cogen CH CoalHydro Gasif. SMR





































Base Opt. Base Opt. Base Opt. Base Optim. Base Opt. Base Opt.
WFP WFP Gasif. HTG Cogen Gasif.










Direct	Emiss. Material	Inputs Infrastructure Transport































BaseOptim. BaseOptim. BaseOptim.BaseOptim. BaseOptim. BaseOptim.
WFP Fossil WFP Fossil Gasif. HTG Fossil Cogen CH Coal Hydro Gasif. SMR











































Base Optim. Base Optim. Base Optim. Base Optim. Base Optim. Base Optim.
WFP WFP Gasif. HTG Cogen Gasif.












Direct	Emiss. Material	Inputs Infrastructure Transport






























BaseOptim. BaseOptim. BaseOptim.BaseOptim. BaseOptim. BaseOptim.
WFP Fossil WFP Fossil Gasif. HTG Fossil Cogen CH Coal Hydro Gasif. SMR


































Base Optim. Base Optim. Base Optim. Base Optim. Base Optim. Base Optim.
WFP WFP Gasif. HTG Cogen Gasif.







Direct	Emiss. Material	Inputs Infrastructure Transport






























Base Ideal Base Ideal Base Ideal Base Ideal Base Ideal Base Ideal
WFP Fossil WFP Fossil Gasif. HTG Fossil Cogen CH Coal Hydro Gasif. SMR

























































Direct	Emiss. Infrastructure Material	Inputs Catalyst































Base Optim. Base Optim. Base Optim.





























































Direct	Emiss. Infrastructure Material	Inputs Catalyst


































Base Optim. Base Optim. Base Optim.




























































Direct	Emiss. Infrastructure Material	Inputs Catalyst






















Base Optim. Base Optim. Base Optim.































Direct	Emiss. Infrastructure Material	Inputs Catalyst
































Base Optim. Base Optim. Base Optim.









































CH IT Optim. Optim. Base Optim.










































CH IT Optim. Optim. Base Optim.
































CH IT Optim. Optim. Base	 Optim.






















CH IT Optim. Optim. Base	 Optim.











































CH IT Optim. Optim. Base	 Optim.






































CH IT Optim. Optim. Base	 Optim.


































CH IT Optim. Optim. Base	 Optim.



















CH IT Optim. Optim. Base	 Optim.
















































































Natural	Gas	 	 2.6E-01	 2.28E-01	
Diesel	 	 2.7E-01	 1.99E-01	













































































Diesel	 Fossil	 185-220	 260	 199	 288	 -	
Gasoline	 Fossil	 210-220	 320	 269	 320	 -	
Natural	
Gas	
Fossil	 155-185	 260	 228	 261	 -	
Bio-
Methane	
Manure	-	HTG	 -	 92	 142	 -	 -	
	 Manure	-	AD	 -	 -	 272	 216	 -	
	 Wood	Gasific.	 -	 -	 78	 94	 59	
	 Wood	-	HTG	 -	 70	 110	 -	 -	
Hydrogen	 Wood	Gasification	 -	 -	 180	 -	 132.4	
	 SMR	 -	 -	 159	 -	 -	

































Fuel	 	 Passell(5)	 This	Work	
Biodiesel	 Biodiesel	OPR-	
Base	Case	
2,88	 1,63	
	 Biodiesel	OPR-	
Optimized	
0,18	 0,04	
Table	36:	Biodiesel	from	algae	cultivated	in	OPR	comparison	
As	it	is	evident	the	biodiesel	modeled	in	this	thesis	reached	lower	emissions	value	per	MJ	
produced,	even	if	the	infrastructure	has	been	added	to	the	process.	The	reasons	why	these	
values	are	so	different	are	manifold,	but	the	main	reason	resides	in	the	electricity	used	for	
processing	the	algae.	In	the	work	of	(5)	the	electricity	used	is	the	American	average	mix	in	
the	base	case	and	the	German	average	mix	in	the	optimized	case.	While	in	our	base	case	
process	the	electricity	mix	used	is	the	Italian	one,	and	in	the	optimized	one	is	the	Swiss	
hydropower	electricity	mix	that	is	the	cleanest	source	of	energy	implemented.	It	has	been	
said	that	this	is	the	main	reason	because	as	we	have	stated	before	in	sub-chapter	7.3	the	
energy	consumption	in	every	stage	is	the	most	influencing	one	in	every	mid-point	indicator	
analyzed.	Another	possible	reason	that	can	have	contributed	in	achieving	these	values	is	
that	the	transesterification	process	used	for	upgrading	the	bio-oil	extracted	from	the	algae	
is	not	the	one	used	in	the	study	of	(5),	which	is	based	on	the	GREET	data	for	converting	soy	
oil	into	biodiesel.	Furthermore,	the	transport	distances	considered	in	the	transesterification	
process	used	have	been	modified	in	order	to	consider	the	distance	between	center	of	Italy	
and	Switzerland.	
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9.	Conclusions	
	
In	conclusion	for	this	thesis	work,	we	are	going	to	assess	which	is	the	best	environmental	
way	of	exploiting	the	available	biomass	for	powering	different	mid-sized	cars.	
We	are	going	now	to	compare	all	the	biofuels	produced	in	the	current	cases	and	in	the	
optimized	ones	separately.	This	will	allow	us	to	suggest	to	the	reader	which	can	be	an	
optimal	environmental	way	to	use	the	accessible	resources.	
Two	charts	for	the	GWP	mid-point	indicator	are	shown.	The	first	one	is	presented	for	the	
current	scenario,	the	second	for	the	optimized	one.	
	
9.1	Current	Scenario	
	
		
	
	
	
	
		
	
	
	
	
	
	
	
	
	
Table	37:	GWP	Baseline	Scenario	per	vkm	
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Considering	the	current	available	technologies	some	conclusions	can	be	suggested:	
1. When	wood	biomass	is	available	the	best	environmental	way	to	convert	it	is	to	
gasify	it	and	subsequently	upgrade	it	into	methane	or	otherwise	the	wood	
chips	can	be	burned	and	converted	in	electricity;	
2. If	manure	biomass	is	available	instead,	its	conversion	into	biogas	and	then	
methane	or	in	electricity,	nowadays	do	not	shows	good	performances	if	
compared	to	the	fossil	methane	or	the	Swiss	average	electricity	mix.	
3. Hydrogen	production	through	the	biomass	gasification	stands	as	a	really	
promising	solution,	if	compared	with	the	fossil	based	process.	
4. The	algae	pathways	nowadays	is	not	a	viable	solution	considering	the	climate	
change	issues;	
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9.2	Optimized	Scenario	
The	following	chart	will	show	the	comparison	between	the	different	biofuels	investigated	in	
the	optimized	cases:	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
The	main	conclusions	from	this	chart	are	the	following:	
1. Wood	biomass	has	the	potentiality	of	being	converted	in	methane,	electricity	or	
hydrogen,	showing	in	every	case	great	performances,	if	compared	with	the	fossil	
alternatives	or	the	Swiss	energy	mix;	
Table	38:	GWP	Optimized	Scenario	per	vkm 
	
	
	
	
104	
2. The	optimization	phase	assumed	in	our	optimized	scenario,	shows	how	even	the	
anaerobic	digestion	step	may	lead	to	good	performances	if	comparing	the	bio-
methane	with	the	fossil	one.	The	HTG	process	is	still	a	good	alternative,	on	which	
would	be	better	deepen	our	technical	knowledge;	
3. Algae	produced	in	an	optimized	facility,	where	a	substantial	cut	has	been	performed	
on	the	energy	demand	and	emissions,	reveal	to	be	a	promising	pathway	if	we	
consider	the	environmental	side	of	it;	
	
9.3	Final	Conclusion	
After	presenting	the	charts	comparing	the	different	results	obtaining	in	covering	one	
kilometer	by	the	different	mid-sized	cars	is	possible	to	state	that	this	thesis	has	reached	his	
goal	to	assess	which	is	the	best	environmental	way	to	exploit	a	specific	source	of	biomass.	
The	main	conclusion	is	that	if	wood	biomass	is	available	the	best	environmental	manner	to	
exploit	it	is	to	gasify	it	or	to	burn	it	to	produce	electricity	and	heat	in	a	cogeneration	plant.	
Regarding	manure	biomass,	which	in	Switzerland	has	a	bigger	potential	than	wood	biomass,	
as	it	has	been	stated	in	sub-chapter	1.1,	the	problem	is	that	nowadays,	with	the	state	of	art	
technology,	from	an	environmental	point	of	view,	the	main	process	known	namely	the	
anaerobic	digestion	plant	is	not	a	good	option.	This	is	because	the	leakages	of	methane	
from	the	cover	of	the	storage	are	highly	affecting	this	process,	so	bigger	efforts	must	be	put	
in	the	research	to	find	a	solution	for	this	issue.	
Only	the	Hydrothermal	Gasification	process	might	represent	a	viable	solution,	because	
avoiding	the	anaerobic	digestion	step	and	so	the	methane	leakages,	better	results	in	every	
category	can	be	obtained.	
Considering	instead	the	cultivation	of	the	algae,	still	many	problems	must	be	overcome,	if	
this	pathway	wants	to	become	a	practicable	one.	The	research	must	focus	its	attention	on	
finding	a	way	to	make	the	cultivation	step	the	least	energy	intensive	possible.		
What	are	the	improvements	though	coming	from	this	thesis	to	the	scientific	literature?	First	
of	all,	it	is	a	research	that	focuses	only	on	the	available	biomass	sources	in	Switzerland,	
assessing	which	could	be	the	best	environmental	way	to	exploit	them	for	producing	
biofuels.	Knowing	that	all	the	studies	used	have	been	adapted	to	the	Swiss	situation,	
meaning	that	all	the	inputs,	transport	units,	and	energies	are	related	to	the	Swiss	contest.	
Even	when	the	cultivation	of	algae	and	the	upgrade	of	their	oil	has	taken	place	in	Italy	for	
the	more	optimal	weather	conditions,	the	ecoinvent	process	for	the	transesterification	of	
the	oil	extracted	has	been	adapted	to	the	Italian	contest,	and	the	transport	distances	have	
been	considered	from	the	center	of	Italy	to	Switzerland.	In	addition,	for	the	algae	cultivation	
step	also	the	infrastructure	has	been	implemented	in	the	modeling	to	show	more	complete	
results.	
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Furthermore,	the	data	used	from	the	available	studies	were	also	harmonized	in	order	to	
achieve	the	goal	of	this	thesis,	which	is	to	compare	different	car	powered	by	different	fuels	
in	covering	one	kilometer.	This	has	been	thought	to	be	a	good	way	to	compare	different	
biofuels,	and	to	allow	an	easier	comparison	with	other	studies.	
Considering	instead	a	possible	car	driver,	this	thesis	can	help	him	decide	which	fuel	would	
be	the	best	environmental	choice.	In	this	way,	he	will	be	aware	that	if	his	concerns	are	
towards	the	environment	some	choices	will	be	better	than	others.	Because	of	that	for	
example	if	he	is	driving	an	electric	car	he	would	like	to	know	that	the	electricity	used	for	
powering	it,	is	coming	from	the	combustion	of	wood	biomass	and	not	from	the	average	
Swiss	mix.	
The	weaknesses	instead	of	this	thesis	reside	in	not	having	performed	any	life	cycle	cost	
assessment	of	the	different	pathways	explored.	This	is	due	to	the	lack	of	available	time	for	
exploring	this	matter,	but	is	well	known	that	an	environmental	assessment	would	gain	much	
more	strength	if	accompanied	by	an	economic	one.	For	the	future,	this	is	the	direction	
where	the	research	must	go	for	completing	this	study,	because	if	any	of	this	biofuel	is	not	
economically	convenient,	even	if	the	environmental	results	are	really	good,	there	is	no	
actual	way	of	producing	biofuels	starting	from	certain	technologies	that	remain	just	
promising.	
Furthermore,	the	data	used	for	the	new	processes	(i.e.	fast	pyrolysis,	HTG,	algae	cultivation	
and	upgrade)	have	been	taken	from	the	available	literature,	but	is	possible	that	better	data	
are	available	or	can	be	produced.		
Another	weak	point	about	the	data	used	is	that	they	are	obtained	not	from	existing	
facilities,	on	the	contrary,	they	are	obtained	as	well	from	assumptions	and	modeling	of	the	
different	authors	considered.	In	any	case	the	results	obtained	even	from	theoretic	models	
can	give	a	first	outlook	on	how	a	certain	technology,	or	a	certain	process	will	perform,	
pointing	out	where	are	the	areas	on	which	is	important	to	make	some	developments,	but	
still	the	uncertainties	persist.	
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11. Appendix	
In	this	section	the	results	obtained	for	the	production	of	1	MJ	in	every	mid-point	indicator	will	be	showed:	
	
Table	39:	Diesel	mid-point	results	per	MJ	
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Table	40:	Diesel	mid-point	results	per	MJ	
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Table	41:	Methane	mid-point	results	per	MJ	
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Table	42:	Methane	mid-point	results	per	MJ	
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Table	43:	Gasoline	mid-point	results	per	MJ	
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Table	44:	Gasoline		mid-point	results	per	MJ	
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Table	45:	Hydrogen	mid-point	results	per	MJ	
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Table	46:	Hydrogen	mid-point	results	per	MJ	
	
	
	
	
	
	
	
	
	
	
115	
 
Table	47:	Electricity	mid-point	results	per	MJ	
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Table	48:	Electricity	mid-point	results	per	MJ	
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